This paper proposes Expectation-Maximization (EM) algorithm to segment pure Ground-Glass Opacity (GGO) nodules and solid part in part-solid GGO nodules and obtain their volumes as the features of GGO nodules. The features of GGO nodules are helpful to determine whether the GGO nodule is malignant. EM algorithm is used to segment pure GGO nodules and solid part in part-solid GGO nodules with different parameters. Experiments show EM algorithm can quickly segment solid part in part-solid GGO nodules and pure GGO nodules to reduce the burden of doctors.
Introduction
Lung cancer has a higher mortality rate than others in World Health Organization (1) . One of reasons is that the tumor has been a malignant tumor when it was found from health diagnosis. Survival rate of lung cancer is less than 16% according to the survey in 5 years. Survival rate of lung cancer becomes 90% in 5 years if tumors of lung have been found early. When tumors process to the stages of malignant, survival rate of lung cancer in I stage is 60%, survival rate of lung cancer reduce 5% of IV stage from 40% of II stage. Therefore it is important to detect tumors of lung at earlier stages (2) .
The target of this paper is Computed Tomography (CT) images which are one of image diagnostics to detect malignant pulmonary nodules. The pulmonary nodules are detected with some features of pulmonary nodules such as the size, morphological characteristics and position of lungs in image diagnostics (3) . Thus, these researches on detection of malignant pulmonary nodules were proposed (4) , especially, segmentation and the features extraction of solid pulmonary nodules using image processing methods (5) , (7) .
Pulmonary nodules have two types: Solid nodules and Ground-Class Opacity (GGO) nodules. The GGO nodules maybe malignant if there is solid part in GGO nodules called part-solid GGO nodules (6) . However, there are low contrast between GGO nodules and tissue surrounding GGO nodules. It is a tough task to obtain segmentation or some features extraction of GGO nodules. This paper proposes Expectation-Maximization (EM) algorithm to segment pure Ground-Glass Opacity (GGO) nodules and solid part in part-solid GGO nodules and obtain their volumes as the features of GGO nodules. The features of GGO nodules are helpful to determine whether the GGO nodule is malignant. EM algorithm is used to segment pure GGO nodules and solid part in part-solid GGO nodules with different parameters. Experiments show EM algorithm can quickly segment solid part in part-solid GGO nodules and pure GGO nodules to reduce the burden of doctors.
The remainder of this is organized as follows. Section II introduces our proposal. Section III gives some experiments to measure the volumes of GGO nodules and solid part in GGO nodules. Section VI draws conclusions and future work.
Methodology
There are two types on GGO nodules. One is that there is solid part in GGO nodules called part-solid GGO nodules, and the other is that there is no solid part in GGO nodules called pure GGO nodules. The part-solid GGO nodules include solid part and no solid part. As the GGO nodules are maybe malignant if there is solid part in GGO nodules, segmentation or some features extraction of GGO nodules are important to image diagnostics. This study proposes EM algorithm to segment pure GGO nodules and solid part in part-solid GGO nodules.
EM algorithm (8) is an unsupervised learning to find latent information based on iteration. There are two clusters to part-solid GGO nodules. One cluster is solid part in partsolid GGO nodules, and the other is no solid part in part-solid GGO nodules. The two clusters are considered as latent information of EM algorithm. Suppose that the two clusters are Gaussian distribution. Volumes of GGO nodules can be measured by the flowchart which showed at Fig. 1 . First, the initial outlines were drawn to GGO nodules in slices in CT volume data. GGO nodules were segmented from the images using EM algorithm. The pure GGO nodules can be segmented directly and obtained its volume. The part-solid GGO nodules need to use EM algorithm again to segment solid part and no solid part in part-solid GGO nodules, and then their volumes can be obtained. Note that the parameters on twice of EM algorithm are different. This paper proposes EM algorithm in order to find the clusters of GGO nodules. The clusters can be obtained as the followings.
(1). To initialize the mean and variance of pixels value from the image with the initial outline.
(2). To compute the expectation based on the mean and variance of (1). It is called E step.
(3). To compute the new mean and variance based on the expectation (2). It is called M step.
(4). To check the convergence of the mean and variance. If the convergence criterion is not satisfied, the computation returns to (2).
Experimental results
The data are provided by Tianjin chest hospital, China and from Philips muiltiCT for scanning: the scanning range is from the thoracic inlet to the lung bottom. 5 GGO nodules were experimented. The age range of the patients with 5 GGO nodules is from 57 to 78 years old. Some parameters of CT volume data are showed as follows:
Tube voltage is 120KV and tube current is 250~450 mA. The collimator width is 128 x 0.6 mm and the Rpm of bulb is 0.27s/round; the reconstruction slice thickness is 1.5 mm. The layer interval is 0.5 mm and the resolution of one slice is 512 512 pixels.
3 methods are given in section 3.1, 3.2 and 3.3 and explained by the example of a part-solid GGO nodule. This study proposes section 3.2. Section 3.3 is a simple threshold method. Section 3.4 gives other examples including pure GGO nodules and part-solid GGO nodules.
The same initial outline was given to the part-solid GGO nodules. The number of clusters and iteration are parameters of EM algorithm in section 3.1 and 3.2. Suppose that one cluster is one Gaussian distribution model.
EM algorithm with the same parameters
Number of the clusters is 8 and iteration is 3 by experience in EM algorithm with the same parameters. EM1 and EM2 of Fig. 1 
EM algorithm with the different parameters
Number of the clusters is 8 and iteration is 2 in EM1 of Fig. 1 . Number of the clusters is 20 and iteration is 4 in EM2 of Fig. 1 . The parameters are determined by experience. The results were shown at EM with the different parameters column of table 1. Blank means that solid part in part-solid GGO nodules cannot be segmented or there were no solid part from slice 82 to 86 and 95 to 96.
A threshold method
Two threshold values had been set. One is 75 to segment part-solid GGO nodules or pure GGO nodules, and the other is 150 to segment solid part in part-solid GGO nodules. Histogram of table 1 means that the image of the initial outline. The two thresholds values were difficult to be determined from histogram column of table 1. Blank means that solid part in part-solid GGO nodules cannot be segmented or there were no solid part from slice 82.
Volumetric measurement of part-solid GGO nodules and pure GGO nodules
5 GGO nodules were experimented to measure their volumes. GGO1, GGO2, GGO3 and GGO5 are part-solid GGO nodules. GGO4 is a pure GGO nodule. There are two values to show volumes to part-solid GGO nodules. The upper value is the volume of whole part-solid GGO nodules. The lower value is the volume of solid part in part-solid GGO nodules. EM(3.1) represents the EM algorithm with the same parameters. EM(3.2) represents the EM algorithm with the different parameters. Threshold represents the threshold method. The volume of GGO nodules can be computed by the following formula. N is the number of slices including the GGO nodule.
Volume of a GGO= Additionally, Philips companion provides the software to segment GGO nodules which were showed in Fig. 2 . The software only views GGO nodules and cannot compute the volume of solid part in part-solid GGO nodules. 
Conclusions
EM algorithm has been proposed to segment GGO nodules and obtain their volumes. Experiments show EM algorithm can quickly segment solid part in part-solid GGO nodules and pure GGO nodules to reduce the burden of doctors. To increase the number of GGO nodules to confirm the effectiveness of our approach is our further work. 
